Pulmonary renal syndrome (PRS) is a high mortality, rare disorder presenting with diffuse alveolar hemorrhage and progressive acute glomerulonephritis. This syndrome is often caused by autoimmune entities, the most frequent being ANCA positive vasculitis and anti-GBM disease. We report a case of a 34-year-old Chilean woman, who initially presents with anemia and after a few days of inpatient management, starts with progressively worsening dyspnea, decrease in renal function and hematuria. The patient is initially diagnosed with pneumonia, but further evaluation using Thorax CT scan and renal biopsy confirms the suspicion of PRS. The case is of particular interest due to the lack of extensive bibliography on anti-GBM and ANCA negative pulmonary-renal syndrome, an uncategorized subtype of this syndrome with unknown optimal management.
discuss the contradictory findings during this patient workup, while evaluating other causes of PRS, and suggesting a treatment rationale along with a possible novel immunological target for diagnosis.
Case Report
A 34-year-old Chilean female presented to our emergency service (04/02/2009) with a chief complaint of increasingly progressive dyspnea and fatigability asso- The patient is kept under inpatient setting for proper correction of the underlying hematological disorders. During the night of the fifth day of admission, the patient presents with chest pain and progressive dyspnea with SpO 2 % of 75%.
The patient is sent to the regional hospital for admission to the ICU due to acute respiratory failure and endovenous ceftriaxone is initiated due to suspected pneumonia. Thoracic computed tomography shows a clear interstitial pattern while laboratory exams show an increase in creatinine levels (2.87 mg/dL) and macroscopic hematuria. A pulmonary-renal syndrome is suspected and methylprednisolone is initiated along with mechanical ventilation due to worsening respiratory failure, with progressively decreasing PaO 2 /FiO 2 , getting as low as 79 mmHg. The patient is transferred to a higher complexity hospital in Santiago via air ambulance. On arrival, patient SpO 2 is 55% and orotracheal tube aspiration shows multiple blood clots.
Bronchoalveolar lavage is performed and diffuse alveolar hemorrhage is confirmed, while samples were submitted for the following microbiological tests:
Gram stain and bacterial cultures; Kinyoun stain and mycobacterial cultures;
Calcofluor-white stain and fungi cultures; polymerase chain reaction for P. jiroveci; respiratory viral panel. All the performed microbiological tests were negative.
Rheumatologic studies results show the following: ANA 1/320, normal C3 levels, low C4 levels, anti-Ro positive and Anti-La positive. Anti-DNA negative, anti-DNA (Farr essay) negative, PR3-ANCA negative, MPO-ANCA negative, Anti-GBM negative and antiphospholipids negatives. Coombs test is positive with low haptoglobin. Even though the patient was under evaluation for possible autoimmune hepatitis, no autoimmune hepatitis markers were found elevated during hospitalization; Anti-LKM, Anti-AMA, ASMA and anti-tissue transglutaminase were all found to be negative. Antibodies against viral hepatitis were also found to be negative.
The last rheumatological markers before discharge and their levels in the following years are summarized in Table 1 The patient, up to the date of publication, has not had any new PRS crisis.
However, her renal failure has continued to progress and the patient is currently on peritoneal dialysis due to end-stage-renal-disease (ESRD). A trial of Rituximab was administred on two occasions, yielding no improvement of renal function and causing acute avascular necrosis of the patella during the two infusions.
Currently, the patient's only immunomodulatory therapy is methylprednisolone 8 mg/day as other therapies have produced adverse events or are contraindicated due to ESRD. culitis (e.g., penicillamine, propylthiouracil), mixed cryoglobulinemia and the idiopathic form, to name a few [2] .
The PRS has a high mortality rate, which seems to present in a bimodal fashion; During the acute phase a catastrophic clinical debut can present as diffuse alveolar hemorrhage causing airway obstruction and sudden onset of acute respiratory insufficiency. Even more, due to the low frequency of the disease, it can be inadvertently misdiagnosed as pneumonia and delay appropriate therapy, as some patients may present only with pulmonary infiltrates, dyspnea and fever.
The increased mortality in the chronic phase of the disorder could be attributed to potential adverse effects of the therapy, a progressively declining renal function or, even the management of the complex multisystemic disorders underlying this syndrome [3] .
No current clinical criteria or score has been developed for rapidly assessing the probability of PRS. Papiris et al. (2007) have suggested considering this diagnosis in the presence of pulmonary infiltrates along with following findings:
hemoglobin decrease, rapidly progressing renal failure, sinusitis, mononeuritis multiplex, polyarthralgia, severe asthma attack, pericarditis, cerebral ischemia, purpura or congestive heart failure [1] . We suggest that further suspicion should be raised in the presence of any immunological marker or personal history of autoimmune diseases.
Once a syndromic diagnosis is established, the question of the underlying etiology remains unresolved, which we try to explore next.
Systemic Erythematous Lupus (SLE) is one cause of PRS with the frequency of such presentation being as low as 2% in SLE patients. However, this clinical presentation is rarely the first manifestation of the disease [4] . More importantly, the presence of pauci-immune glomerulonephritis in the context of an SLE associated PRS would be, although possible [5] [6], a very unlikely presentation of the disease, as the SLE glomerular disease commonly occurs as a result of a type III hypersensitivity with antibody-deposition being the primary pathogenic insult [7] . Even though these two findings are suggestive of another etiology for the PRS presented in our patient, we find it relevant to point out that this patient fills the Systemic Lupus Collaborating Clinics (SLICC) criteria for SLE [8] ( Table 2) and it is worthwhile to notice the transitory elevation of the Anti-Ro antibody which also points towards the possible SLE diagnosis.
Another possibility that has been explored was the Mixed Connective-Tissue Disease (MCTD), due to its extensive clinical presentations including alveolar hemorrhage [9] . Although a possibility, MCTD is not a likely diagnosis for our patient, as she lacks the hallmark positive anti-RNP findings, required in both Alarcon-Segovia and Kahn's criteria, currently the most accurate criteria for 
MCTD [10] . Moreover, the presence of renal complications which, even though they have been described, are uncommon in MCTD [11] . Common MCTD clinical features (including the ones used as diagnostic criteria), such as hand edema, synovitis, myositis, Raynaud phenomenon, and acrosclerosis, were all absent in the course of patient's disease. Thus, other differential diagnoses ought to be investigated. Finally, other important etiologies to be considered in a patient with PRS are the ANCA-positive vasculitides. The ANCA-positive vasculitides are conformed by three major clinical syndromes; microscopic polyangiitis (MPA), Churg-Strauss syndrome and Granulomatosis with Polyangiitis (GPA). As the name suggests, in these three etiologies, there is a well-characterized role of ANCA antibodies, specifically, antibodies directed against myeloperoxidase (MPO) and proteinase 3 (PR3) proteins in neutrophils cytoplasm, in the pathogenesis of these diseases and the expression of PRS [12] .
Although it is possible to have GPA with negative ANCA antibodies, this unusual presentation is usually associated with a decreased likelihood of renal [13] . Meanwhile, the lack of eosinophilia in the absence of use of glucocorticoids in the initial laboratory findings, as the lack of asthma-like symptoms, steer the diagnosis away from a possible Churg-Strauss syndrome.
Lastly, the low C4 complement levels make the MPA diagnosis, as well as other vasculitides, less likely since low C4 levels would be expected in non-ANCA related disorders, as ANCA-positive vasculitides obey an alternative pathway activation [14] with increased to normal C4 levels [15] physiopathogenesis.
Thus, due to the lack of supportive findings towards the previously mentioned etiologies, we classified our patient entity as undefined PRS. While most of the patients in this category may have other described etiologies, the contradictory findings of our case and lack of serological markers led us to further search for possible novel immunological markers. Not tested in this case, and a possible marker for undefined pulmonary-renal syndrome is the anti-endothelial cell antibodies, shown to be linked to ANCA-negative pauciimune glomerulonephritis [16] [17], propylthiouracil-induced ANCA positive vasculitis [18] and antibody-mediated microvascular insult in idiopathic pulmonary fibrosis [19] . Further studies are required to explore this possible marker in this subset of PRS patients.
From the treatment standpoint, once the undefined PRS diagnosis has been achieved, due to the high mortality rate of this syndrome [3] , treatment must be initiated as soon as possible. A review in the current literature yields reports in Japan [20] , Germany [21] , United States [22] with interesting similarities, and an american series report of patients with diffuse alveolar hemorrhage (20 patients),
where one of them presented with ANCA negative serology [23] , relevant to our case. Common to all these and our case is the improvement of the patient condition with the use of plasmapheresis and immunosuppression, both by corticosteroids pulses only or combined with cyclophosphamide pulses. Stemming from these case reports outcomes, our own experience, and based on the rationale of the autoimmune origin of these insults, a more aggressive therapeutic regimen based on early plasmapheresis, corticosteroid pulses and cyclophosphamide pulses seems to be an appropriate therapy for this subset of PRS patients.
Conclusion
The PRS, being a rare disease, presents itself as a significant diagnostic challenge to the clinician. Even when there is clinical suspicion of this syndrome, less common etiologies may present and generate further doubt regarding the diagnosis and proper patient work-up. ANCA positive vasculitides and anti-GBM disease are responsible for the majority of the PRS in ICUs [1] . The data regarding undefined PRS presenting negative ANCA and anti-GBM negative serology is limited. However, we suggest based on similar reports that the approach of combining corticosteroids and cyclophosphamide pulses, along with plasmapheresis, to be considered as a therapeutic strategy. Further studies are yet required to explore novel immunological markers, therapeutic options and proto- 
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